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Current discussion of papers sponsored by the Soil Mechanics 
and Foundations Division is presented as follows: 
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315 The Structure of Inorganic Soil by T. William Lambe 
(October, 1953. Prior discussion: 401 and 478. 
Discussion closed) 


Lambe, T. William (Closure) 


Building Foundations in San Francisco by Charles H. 
Lee (November, 1953. Prior discussion: 518. 
Discussion closed) 


Lee, Charles H. (Closure) 


Trafficability of Soil as Related to Mobility of 
Vehicles by R. C. Stewart and S. J. Weiss (November, 
1953. Prior discussion: 518. Discussion closed) 


Stewart, R. C. and Weiss, S. J. (Closure) ......... 


Pile Foundations for Buildings by John W. Dunham 
(January, 1954. Prior discussion: none. Discussion 
closed) 


Soil Problems in the Southern Piedmont Region by 
George F. Sowers (March, 1954. Prior discussion: 
none. Discussion closed) 


McMaster, Howard M. 


Fill Utilization for Building Foundations by 
Gordon B. Dalrymple (March, 1954. Prior 
discussion: none. Discussion closed) 


Modern Procedures for Underground Investigations 
by George F. Sowers (May, 1954. Prior discussion: 
none. Discussion closed) 


McMaster, Howard M. and Gizienski, Stanley F. .... 
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The Society is not responsible for any statement made or opinion 
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Offices are at 33 West Thirty-Ninth Street, New York 18, N.Y. 
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DISCUSSION OF THE STRUCTURE OF INORGANIC SOIL 
PROCEEDINGS-—-SEPARATE NO. 315 


T. WILLIAM LAMBE,’ A.M. ASCE.—The writer has studied Rosengqvist’s 
excellent work and has had extended personal discussions with him in his Nor- 
wegian laboratory. As Rosenqvist states, there is substantial agreement be- 
tween the writer and him on the nature of soil structure. An unimportant dif- 
ference is the writer’s belief that the thickness of immobilized water around 

a soil colloid is uniquely related to its diffuse double layer. The writer also 
considers the zeta potential less fundamental than does Rosenqvist. Truly 
inter-particle repulsion is determined by some potential between the particles 
but the effective potential has not been shown, to the writer’s satisfaction, to 
be the zeta potential. The location of the slippage surface at which the poten- 
tial is equal to the zeta potential is controversial. 

The writer agrees that experimental data to support his belief, that the dif- 
fuse double layer and immobilized water layer are uniquely related, are need- 
ed. He can find supporters of Rosenqvist’s view nearer home than beautiful 
Norway, namely, in his own M.LT. laboratory. 

Rosengqvist has presented experimental evidence to support much of the 
writer’s structure theory, especially the part on particle orientation. It is 
hoped that Rosenqvist can and will employ his microscopic technique to obtain 
photographs of the same clay in both undisturbed and remolded states., The 
importance of particle orientation to the engineering properties of fine grained 
soils becomes increasingly evident. 

Skempton emphasizes that important changes in the properties of a remold- 
ed soil can be caused by leaching. Skempton’s, Rosenqvist’s, and the writer’s 
data all suggest that the reduction in the strength of an undisturbed clay 
caused by leaching would normally be less than 30% The effect on other prop- 
erties of undisturbed soil, especially permeability, may be considerably great- 
er. 

Skempton’s Fig. 2 is most significant since it indicates in situ changes in 
soil properties. A soil cannot necessarily be considered “dead” or “inert” 
since it can be very much “alive” and sensitive to its environment. 

The experimental observations of Barber are consistent with the writer’s 
theory. The writer takes sharp issue with some of the concepts of structure 
proposed by Barber. Barber, for example, states (p. 401-9) “Swelling of clay 
masses is caused by straightening of bent particles. ....” Considerable data 
(e.g. Cornell reference in writer’s paper) have been presented to show that the 
crystal lattice of a swelling soil mineral expands in the c direction with water 
pick-up. In fact, a close correlation between lattice dimension and thickness 
of water molecules has been presented, To accept Barber’s view would re- 
quire that many of the fundamental concepts of clay mineralogy be discarded. 
These concepts are too well substantiated to be ignored without convincing ev- 
idence to the contrary—Barber has not presented such. 


1. Associate Prof. of Soil Mechanics and Director of Soil Stabilization Lab., 
Massachusetts Inst. of Technology, Cambridge, Mass. 
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The writer, while unable to accept Barber’s picture of thixotropy, agrees 
that the phenomenon can be explained by particle to particle contact. The 
writer has studied the original paper by Fahn et al, referred to be Barber, as 
well as the Proceedings of the British Mineralogical Society before which the 
paper was presented. Discussion at this meeting emphasized that there is 
controversy on the causes of thixotropy. Two points should be emphasized: 
(1) the short discussion on thixotropy was included by the writer to show that 
there are two entirely different uses of this term; (2) the explanation present- 
ed is widely, but not uniformly, accepted. 

The writer appreciates the discussions to his paper: Rosenqvist presented 
some experimental evidence to substantiate part of the theory; Skempton em- 
phasized the practical importance of soil structure; and Barber showed that 
the writer’s theory has some opposition, a healthy situation. The writer be- 
lieves, with increasing fervor, that soil structure is vital to an understanding 
of the behavior of fine grained soils, and hopes, therefore, that research and 
discussion on it will increase. 
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DISCUSSION OF BUILDING FOUNDATIONS IN SAN FRANCISCO 
PROCEEDINGS—SEPARATE NO. 325 


CHARLES H. LEE, M. ASCE.—The writers, in contributing additional in- 
formation regarding experience at certain buildings in San Francisco have 
opened up two subjects of great interest to foundation engineers. The first is 
the use of dynamic formulae and, in particular, the Engineering News-Record 
formula for determination of bearing capacity of piles. They conclude that 
the use of such formulae “would be not only erroneous, but actually danger- 
ous.” Recent experience of the author in connection with driving steel H-piles 
at the site of the Equitable Life Building, Sutter and Montgomery Streets, San 
Francisco, confirms this conclusion. 

The generalized soil profile of the site is indicated on the accompanying 
table. The “rusi;-brown silty sand lenses” penetrated between elevations -62 
to -93 ft. are produced by ferriginous cementation and are very irregular in 
shape and unpredictable in location. They have been called “hardpan” at the 
Equitable Life Building site but correspond to the so-called “sandy ‘kidneys’” 
encountered in pile driving operations at the PG&E Building referred to by the 
writers. The blue marine clay between elevations -93 to -116 ft. is very com- 
pressible and is the cause of appreciable settlement at buildings in the down- 
town district of San Francisco whose weight is sufficiently great to increase 
pressures at this depth. In order to obtain firm support, as well as avoid lo- 
cal overloading of the blue marine clay, **.: “quitable building is being sup- 
ported on steel H-piles driven into the u . .lying rock. Above the hard rock 
is a zone of weathering in which the rock ... 3o!tened, with progressive de- 
composition and internal shearing. In the upper portion of this zone the rock 
is a soft shale, merging at lower levels iat» broken, harder rock and, finally, 
into the sound hard rock conditien, ‘he sottened Franciscan sandstone has 
test values in internal friction of 439, cohesion of 700 p.s.f., and unconfined 
compression of 22 to 37 tons p.s.f. 

The foundation plans indicated use of 14 x 14-1/2 inch, 102-lb. H steel 
bearing piles with design load of 135 tons. The specifications required that 
piles be driven into bedrock to a final resistance of 15 blows per inch with a 
single- acting steam hammer developing 50,000 ft. Ibs. of energy per blow, but 
permitted modification by the Architect/Engineer after the first few piles had 
been driven. Application of the Engineering News formula for 15 blows per 
inch penetration resistance, using a 17,000-lb. hammer and 39-inch height of 
fall of hammer, gives a bearing capacity of 


2 x 17,000 x 3.25 
(0.066 + 0.1) 2000 


The rational static method, following generally the concepts presented by 
John W. Dunham, M. ASCE, in his recent paper,’ indicates a safe bearing ca- 
pacity of 135 tons but only with penetration of piles into the weathered rock of 
at least 3.5 ft. Driving experience indicated that this degree of penetration 


could not be obtained until a penetration resistance of 30 blows per inch was 
attained, the average penetration at 15 blows per inch being less than 2.4 ft. 
At the rate of 30 blows per inch the Engineering News formula indicated a 
bearing capacity of 415 tons. Conditions for use of the static method of com- 
putation are favorable, including availability of data on physical properties of 
the weathered rock and minimum change in physical properties of the rock 
during driving due to small cross sectional area of the steel H-pile. The ra- 


= 332 tons. 


1. Cons. Eng., San Francisco, Calif. 
2. Proceedings, A.S.C.E., Separate No. 385, 1954. 
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tional static method was, therefore, followed and a penetration rate of at least 
30 blows per inch was required for all piles driven. 

The use of Engineering News-Record formula, in this instance, would have 
resulted in inadequate penetration of the weathered rock, resulting in exces- 
sive unequal settlement of columns. 

The other point of interest in the writers’ discussion was their experience 
in estimating settlements for Standard Oil Building in San Francisco. The author 
has recently had opportunity to estimate settlement for the new 25-story Equi- 
table Life Building, which immediately adjoins the Standard Oil Building and 
Annex. As a basis for computations there were available 11 complete consoli- 
dation characteristic curves, each with a range of load increments from 1 ton 
to 16 tons per sq. ft. and applying to materials in each of the five zones, B, C, 
D, E, and F. These characteristic curves were similar to those shown on Di- 
agram 5 and were developed from laboratory tests made upon undisturbed 
samples from test borings taken with 3-inch thin-walled Shelby tube sampler. 
Computations were made for three soil profiles at the building site, prepared 
from 5 test boring logs, with additive soil pressure isobars superimposed for 
the building load assumed acting at elevation -44 ft. The bottom level of the 
mat foundation beneath the Standard Oil Building is at elevation -38 ft. The 
results are shown upon the accompanying diagrams of settlement profiles and 
settlement-time relationships, as computed for the Equitable Building and as 
historically observed for Standard Oil and Shell Oil Buildings. It is apparent 
from these diagrams that the computed and historic values are in reasonably 
close agreement. As stated by the writers, it is important in making such cal- 
culations that there be sufficient test borings and undisturbed test samples to 
provide a comprehensive view of subsurface conditions. 

The author regrets the absence of discussion of the possibility of future 
plastic flow in the deeper blue marine clay underlying the downtown area of 
San Francisco, as suggested on Page 325-2 of his paper. In this connection, 

it is of interest that the foundation of the Equitable Building, which is located 
in the most congested building area, was carried down to underlying rock. 
This may establish a precedent for future large buildings in this area. 


GENERALIZED SOIL PROFILE 


: : 
UNIT sMCISTURE: 
DRY WEIGHT: CONTENT: VOiD 


: ZONE : ELEVATION 


E 
= 
FT. 


: 

: 3 

: : 

3 8 DESCRIPTION 3 P.C.F. :% DRY wTs RaTIO : 
: A 349 to -8 :Wind-blown sand : 102.6 : 18.2 : 0.623; 
: to -18 :Yellow sandy clay : 113.0 : 17.5 0.470: 
: : : : 
: C  :=18 to -62 :Brown silty sand : 106.0 : 18.3 +: 0.584 : 
: : : : 
: D 62 to -93 :Yellow sandy clay with : 99-6 : 2369 +: 0.679 : 
: : :rusty-brown silty sand lenses 103.7 : +: 0.610: 
: : : : : : : 
: E 393 to -116:Bliue marine clay with : 
: : organic matter : 13k. 2 
: : : : : : 
: F  :=116 to-133:Decomposed and sheared 
: : (a) : Francisean s.s. and shale : 118.3 : 14.3 : 0.39 : 
: : : : : : : 
: G :-133 to = :sHerd Frenciscan sandstone: 155+ 3: 3 
: : 


(2) Varies between -107 to -115 ft. and -130 to -152 ft, 
553-4 


| 
‘ 
{ 
‘ | 
{ 
4 
{ 


bldgs., plotted 
Yor compar! soh with calculated 
se/tlement for vguitable Life Bldg. 


Lquitable Lite B/d@. 
Ci Of structure 


___ Standard bide. 
# 
timate Tota! 
25 


Time in Years 


553-5 


3 
% 


> 
| CALCULATED SETTLEMENT. 
BLOG. 
LOBRLILE LOUNDATIONS_ 
BEAR/NG/IN SA 
-O.1 
| 
\ Nore. Observed for Shel! 
Average of all cojumns 0.A- 
‘ 
\ 


09 


“799 NEC | 

9:0 LNIWITLLIC 


| 


/ V0 
| 


lap 
r'0 BNO 12 
B17 


| 
PS OY Of aS /ENYIE AY 
Buryeu sryg spey sayply /YS Aq 


Uf 


Meso 
| 
A 
553-6 


DISCUSSION OF TRAFFICABILITY OF SOIL 
AS RELATED TO MOBILITY OF VEHICLES 
PROCEEDINGS—SEPARATE NO. 328 


R. C. STEWART and S. J. WEISS.—There can be no dispute concerning the 
effect on vehicle performance of the factors brought out in the discussion by 
Mr. McMaster. The influence of remolding of soil on the mobility of vehicles 
has been given intensive consideration in the trafficability studies of the Army 
Engineers where changes in cone penetration resistance have been correlated 
with repeated passage of actual vehicles. No formal investigations as yet have 
been made on concurrent changes in soil truss readings or moisture content. 
It is anticipated that readings obtained during reconnaissance would need to be 
supplemented at intervals during traffic in order to account for such remold- 
ing. In taking soil tests with the soil truss, vegetative matter would be 
cleared away in order that true soil shear take place under the instrument. 

In this regard, performance estimates based on such readings will be con- 
servative for the presence of vegetation will provide an additional safety fac- 
tor. 

Studies, under Navy contract, are now being made by Dr. Dale T. Harroun 
of the University of Pennsylvania regarding the effect of rate of loading on 
soil truss determined c,@ soil characteristics. Preliminary work has indi- 
cated that only c varies with rate of shear while ¢ is independent of speed 
within the range studied. (0.05 to 60 inches per min.) Auxiliary apparatus for 
controlling the rate of loading of the instrument has already been devised. 
However, the use of such apparatus tends to detract from the simplicity and 
portability of the instrument. It is considered that the establishing of a cor- 
relation factor between c as determined at the rate of loading developed by the 
soil truss and that developed at the speed of the vehicle would satisfactorily 
account for the differences in shear rates. It has also been determined that 
soil truss c,d characteristics agree with laboratory strain controlled quick- 
unconsolidated direct shear tests at comparable shearing rates. Other work 
by Prof. F. J. Converse of California Institute of Technology, also Navy spon- 
sored, has indicated that soil truss results show reasonable agreement with 
laboratory triaxial compression tests when total rather than intergranular 
pressures are utilized in the construction of the Mohr circles. 

These additional studies of the soil truss were initiated primarily because 
of the immediate application of this instrument for the field determination of 
soil properties needed for earthwork, retaining wall and foundation computa- 
tions. Although the results of such studies are also applicable to trafficability 
investigations, there still remain many inadequately explored areas in the de- 
velopment of a full understanding of vehicle action over soil. Much work re- 
mains to be done in the investigation of the elasticity and plasticity problems 
leading to the true relationship between sinkage, slippage and motion resist- 
ance. 

The authors are appreciative of the consideration given their paper and 
hope that a sustained interest has been engendered in this application of 
theoretical soil mechanics. 
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DISCUSSION OF PILE FOUNDATIONS FOR BUILDINGS 
PROCEEDINGS~SEPARATE NO. 385 


KUANG-HAN CHU, A.M. ASCE.—A semirational method for the determi- 
nation of the length of friction piles has been presented by the author. The 
method is subjected to criticism on the following two points: (a) The pile 
length depends primarily on the selection of the depth of nonsupporting strata. 
Moreover, in striving for simplicity, the friction on a pile in the depth of h 
within the supporting strata is neglected in deriving Eq. (12). Thus, when 
Hy = H2 = 0, Eq. (12) gives h=oo. The selection of the depth of nonsupporting 
strata which determines the pile length depends primarily on judgment. (b) It 
is assumed that the friction between the pile and the soil is greater than the 
shearing strength of the soil. This is hardly supported by test data. In fact, 
the author’s assumption in using shearing strength of soil for cohesive soils 
and passive pressure multiplied by the coefficient of friction of tang for non- 
cohesive soils gives such high values of skin friction that these values seem 
to be hypothetical. For instance, in stiff clay, N = 40, the shearing strength 
is assumed to be 0.133N = 5.33 ksf; while Terzaghi & Peck? give ultimate skin 
friction as 2.0 ksf. Similarly, in noncohesive soils, the discrepancy between 
author’s values and Terzaghi’s are even greater. 

In spite of the foregoing criticism, the author does contribute a semiration- 


al method which, if used carefully, may give reasonable results. The follow- 
ing are some suggestions on simplification of the author’s formulas. 


For cohesive soils; q = - Cs 3 


For noncohesive soils; 
K= £(0.75 + 0.1N) for round grains of uniform size. 


K = 0.75 + 0.1N for round grains well graded or 
sharp grains of uniform size. 


= $0.75 + 0.1N) for sharp grains well graded. 


Eq. (11), 15(P-0.25Na 


NO 
32(P-0.20Na 
Eq. (12), Eko 
Eq. (13), Lue 
1.8r 
B. A. KANTEY; A.M. ASCE.—Like so many engineers, the author has come 
up against the problem of rational methods of design for piled foundations. 


Judging from his paper, he has rejected dynamic formulae, and has developed 
a method based on static formulae. He has, however, hit on the weakness of 


1. Structural Designer, D. B. Steinman, Cons. Eng., New York, N. Y. 

2. “Soil Mechanics in Engineering Practice,” by Karl Terzaghi and R. B, 
Peck, John Wiley & Sons, Inc., New York, N. Y., 1948, p. 463. 

3. Cons. Engr., Kantey & von Geusau, Cape Town, South Africa. 
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the static formulae methods in that, for the sake of economy, design has to be 

based on a comparative insufficiency of results when attempting to evaluate 
the load carrying capacity of the piles from the results of tests on undisturbed 
samples. 

In order to overcome these deficiencies, the author has proposed a method 
of design in which the shear characteristics are obtained from the results of 
the “standard penetration test” allied, where necessary, to tests on undis- 
turbed samples. That the author has evolved a successful method is evident 
from the results he quotes and, in the face of such evidence, one is hesitant of 
offering criticism. The writer considers, however, that there are certain in- 
herent disadvantages in the proposed method and it is possible that, with more 
widespread use, greater discrepancies between design and actual pile lengths 
will appear. 

These disadvantages lie in the fact that the “standard penetration test” is 
itself a dynamic test and, as such, should be no more accurate than dynamic 
formulae. In addition, the results of the test are transferred to an empirical 
formula relating penetration resistance to bearing capacity. This automati- 
cally implies some form of scatter about the mean results given and, while 
the errors may cancel out giving good results, these errors may also be cu- 
mulative, with a consequent large discrepancy between design and practice. 

Some years back the same problem of rational pile design arose in South 
Africa and the writer was given the task of evaluating the various methods 
available. The findings were published in 1950* and, as a result of this task, 
the writer became convinced that the main future for rational piling design lay 
in the development of in-situ methods of determining the shear characteris- 
tics of the subsoil. Tools for such methods were developed in Eurpoe and 
have been described in the proceedings of all three International Conferences 
on Soil Mechanics and Foundation Engineering. These tools consist of the 
deep-sounding apparatus developed in Holland and Belgium for the more gran- 
ular types of soils and the Swedish Vane Shear Apparatus for cohesive soils. 
Since the method of obtaining the results approximate most closely to static 
loading of the sub-soil through piled foundations, the writer considers that the 
degree of accuracy and reproducibility of results warrants their favourable 
consideration. The use of such methods is becoming more and more standard 
practice in Europe and South Africa and the writer would like to commend 
these methods to the author for his consideration. 

JOHN A. FOCHT, JR.? A.M., ASCE.—The author as a structural engineer 
is well-acquainted with materials having clearly defined and easily determined 
properties. But the strength and deformation characteristics of soils may not 
only vary from site to site but also may be altered by time and the construc- 
tion procedure at any one site. As Prof. Tschebotarioff states in the preface 
to his book, “the strong element of art in all soil and foundation engineering 
work should not be overlooked. The acknowledgement of its existence is nec- 
essary for the understanding of the present status of this field of knowledge 
and endeavor.” It would appear to the practicing soils engineer that the de- 
sign of pile foundations as presented has been over-simplified for the sake of 

having a few equations. 


4. B. A. Kantey. “Significant Developments in Sub-surface Exploration for 
Piled Foundations.” Trans. S. A. Inst. of C. E. Vol. I, No. 6 & Vol. 2, No. 
12. 


5. Associate Engr., Greer & McClelland, Cons. Foundation Engrs., Houston, 
Tex. 


6. Tschebotarioff, Gregory P. “Soil Mechanics, Foundations, and Earth 
Structures.” McGraw-Hill Book Company. 1952. 
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A structural engineer who is ‘‘dissatisfied with the tools he finds available 
in connection with pile foundations” has another alternative not listed in the 
Introduction. If engaged in private practice, he may seek assistance from 
competent soils engineers, particularly on large projects. The Army Corps 
of Engineers, Navy Bureau of Yards and Docks, and the Bureau of Reclamation 
have large staffs of personnel who should be able to aid any engineer in the 
Federal Government with foundation problems. 

The following of local experience will prevent the occurrence of a grevious 
mistake. But past experience may lead to overly conservative and expensive 
designs. In many instances, piles have been used merely because the building 
down the street is supported on piles. 

In the last paragraph of the Introduction, the author points out the limitation 
of dynamic pile driving formulas and “the need for more specific design and 
construction procedures.” There is considerable literature published verify- 
ing the applicability of laboratory tests on undisturbed soil samples to the de- 
sign of pile foundations.’ »*,®,4° The results of a single pile load test at a site 
may be interpolated by use of soil studies to other locations at the same site, 
or different size piles. Actual data on the shear strength, density, and defor- 
mation characteristics of the soils warrant much more confidence than pene- 
tration resistance. 

Condition 3 for a successful pile foundation is misleading as stated. A sin- 
gle pile does not fail, actually plunge into the ground, because the soil around 
the point is overloaded. It fails because the sum of the skin friction and end- 
bearing capacity of the soil have been exceeied. Excessive settlement may 
result if the soil is stressed so as to cause consolidation. A group of piles 
may fail in a manner similar to a deep pier because the area of soil at the tips 
is stressed in excess of the bearing capacity." The action of the group as a 
unit is not significantly different from the action of a single pile. It is pro- 
posed that condition 3 be rewritten: 

3. Each pile group must be proportioned so that each individual pile will 
carry its load and that the total load on the group is safely transmitted 
to the soil by shear on the periphery and by bearing on the area of the 
group at the pile tips. 

With this restatement, the design criteria without regard for settlement are 
then with respect to: 

1. Structural capacity of each pile 

2. Friction and end-bearing capacity of single piles 

3. Friction and end-bearing capacity of pile groups 

4. Bearing capacity of weaker soil strata beneath the pile tips 

The seven simplifying assumptions listed and discussed very briefly de- 
serve more consideration as they are the real basis of the design, rather than 
the equations derived using the assumptions. 


7. U. S. Waterways Exp. Sta. “Pile Loading Tests, Combined Morganza Flood- 
way Control Structure.” Tech. Memo. No. 3-308, January 1950. 

8. Moore, W. W. “Experiences with Pre-determining Pile Lengths.” Trans., 
ASCE, Vol. 114, p. 351, 1949. 

9. Converse, F. J. “The Determination of Pile Bearing Capacity from Sub-soil 
Investigations and Laboratory Tests.” Proc. 2nd Int. Conf. on Soil Mech., 
Vol. V, p. 142, 1948. 

10. Masters, F. M. “Timber Friction Pile Foundations.” Trans. ASCE, Vol. ' 
108, p. 115, 1943. 

11, Ghavem, Mohamed Fahmy. “Bearing Capacity of Friction Piles in Deep 
Soft Clay.” Thesis for PhD, University of Dlinois, 1953. 
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The first assumption that the pile receives no vertical support from unsat- 
isfactory strata is valid. But the problem is in determining what is unsatis- 
factory. In example A, it is not apparent why stiff to very stiff clay (above 27- 
foot depth) would be unsatisfactory. It is also very likely that the loose sand 
in example B would become more dense during pile driving and could be con- 
sidered as satisfactory supporting material. 

The second assumption can be very overly conservative. The use of the 
lowest N value or shear strength within a given stratum is justified to make 
allowance for possible variations of soil properties in that stratum. But, com- 
plete elimination of slightly weaker higher strata, particularly if the founda- 
tion is all clay, in determination of pile bearing capacity will result in greater 
pile penetration than is required for safety. The stress-strain characteristics 
of each stratum should be considered before reaching the conclusion that “fail- 
ure in the weakest stratum in the group wi!l destroy the support of all higher 
strata and will throw more load on the other supporting strata than their prop- 
erties can justify.” It is often the case that soft clays develop their maximum 
strength at strains greater than the more stiff clays. The effect of consolida- 
tion of the softer clays must be considered, however, if the pile penetrates in- 
to stiffer material. 

In place of the author’s assumption 3, it is suggested that the unit pressure 
on the pile point be computed as the end-bearing capacity of the soil at that 
depth using equations given by Terzaghi and Peck? This procedure for piles 
driven into sand has been verified by actual tests}* The effect of confinement 
on sand is to increase its shear strength and it is well-known that the bearing 
capacity of clay is considerably greater than its shear strength. 

The fourth assumption as stated is taken to mean that the adhesion of the 
soil to the pile is greater than the shear strength of the soil a short distance 
from the pile. A pile driven into clay completely remolds the clay immediate- 
ly around the pile. The final strength of this remolded clay may be greater or 
less than the undisturbed shear strength of the soil’* The very significant in- 
crease in skin friction with time» from a nominal value immediately after 
driving to the final strength must be considered on occasion. 

The fifth assumption is common for piles in clay. However, Terzaghi and 
Peck” state: “In every sand both the average skin friction per unit area of 
contact and the point resistance increase with increasing depth.” Further, the 
measurement of skin friction with depth in load tests** indicate that the shear 
stress does vary as the shear strength. Consideration of the increasing skin 
friction in sand will require less penetration. The field tests on piles in clay 


12. Terzaghi, Karl, and Peck, Ralph F. “Soil Mechanics in Engineering Prac- 
tice.” John Wiley & Sons, 1948, p. 171. 

13. Mansur, C. L., and Focht, John A., Jr. “Pile Loading Tests, Morganza 
Floodway Control Structure.” ASCE Sep. No. 324, November 1953. 

14. Taylor, Donald W. “Fundamentals of Soil Mechanics.” John Wiley & Sons, 
1948, p. 648-650. 

15. Terzaghi, Karl, and Peck, Ralph B. “Soil Mechanics in Engineering Prac- 
tice.” John Wiley & Sons, 1948, p. 461. 

16. Housel, W. S. Discussion of “Effect of Driving Piles into Soft Clay” by A. 
E. Cummings, G. O. Kerkhoff, and R. B. Peck. Trans. ASCE, Vol. 115, 
p. 339, 1950. 

17. Ibid, p. 460. 

18. American Railway Eng’g. Ass’n. Advance Report of Comm. 8. “Steel and 
Timber Pile Tests, West Atchafalaya Floodway, N.O., T. & M. Railway.” 
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indicate that the shear strength along the full length of the pile may be included 

in computation of the pile capacity. 

It is believed that the sixth assumption should have the last clause deleted, 
so that superposition of the loads will be considered in determination of the 
vertical pressure beneath a pile group. The pressure beneath the center of a 
group will be greater than the pressure beneath the edge. 

While the use of the “Standard Penetration Test” has had considerable ac- 
ceptance, there are some doubts as to its reliability. Extended investigations 
by the Waterways Experiment Station, Vicksburg, Mississippi}® have indicated 
that the penetration resistance is not necessarily a function of the relative 
density of sand. The penetration resistance is materially affected by the depth 
of the boring, the location of the water table, the grain size of the material, 
and other factors. Careful observations have shown that there may be no cor- 
relation between the relative density and penetration resistance at all”° In the 
past, it has been considered that the relative density of a sand, and thereby its 
strength, is indicated by the driving resistance; it is on this basis that the de- 
sign procedures outlined were developed. In view of the limitations which 
must be placed on results of the standard penetration test, the advocated de- 
sign procedures are also limited. 

The cost of securing a sufficient number of undisturbed soil samples in an 
adequate boring program supplemented by such laboratory tests as necessary 
will be only very slightly more than the cost of an equal number of penetration 
| borings. Therefore, it would appear that a more rational, and nearly as eco- 
nomical (as related to investigation costs), design can be prepared utilizing 
undisturbed soil sampling and testing, rather than the standard penetration 
type boring. 

JAMES F. MCNULTY? A.M. ASCE.—The problem discussed by the author 
is one whose solution has eluded the engineer. Many methods, theoretical and 
empirical, have been presented for estimating the length of pile required to 
safely carry a given load. In spite of this, it appears that, at present, the best 
an engineer can expect to accomplish is to find a semi-empirical means of es- 
timating the pile length which will check load test results for his particular 

local soil condition. 

' It is assumed that the author has succeeded in doing this although it would 
have been helpful had he included in his report some load test data for evalua- 

’ tion. Mr. Dunham, judging from remarks in the Field Procedure section, used 

the driving resistance of the pile as a check on his contract length; the unreli- 

ability of information derived from driving resistance data is too thoroughly 
documented to need further discussion. The writer wishes to emphasize that 
without load tests, the magnitude of the safety factor is unknown. 

The correctness of Mr. Dunham’s formula (1) depends mainly as to what 
degree the following two assumptions approximate true conditions: 

a) uniform shear stress 

b) shear stress at failure equals soil’s cohesion value 
Assumption (a) appears to be approximately true, based on a few scattered 


19. Waterways Exp. Sta., Vicksburg, Miss. “Standard Penetration Tests, Reid 

Bedford Sand, Mississippi River.” Potamology Investigation Rep. No. 5-5, 

May 1950. 

20. Mystkowski, A. “Sand Needn’t Be Treacherous.” Engineering-News 
Record, July 2, 1953. 

21. Design and Construction Engr., National Advisory Committee for Aero- 

nautics, Langley Field, Va. 
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load tests which utilized strain gages along the embedded length. No theoreti- 
cal explanation is available except for a pure clay. Assumption (b) appears 
logical but load tests have failed to substantiate it in some cases. 

The author’s extension of the plane problem concept of passive earth pres- 
sure to the three dimensional problem of pressure against a pile is theoreti- 
cally unjustified; formula (2), thus, can be regarded as approximate at best. 
Another factor adding to the difficulty of the problem is that, of necessity, the 


borings are made prior to the soil being disturbed by the pile driving operation. 


The writer contends that, in many cases, pile driving strengthens a cohesive 
soil considerably by the consolidation achieved by the reduction of the voids. 

The writer believes that, despite its limitations, the load test to failure is 
the best means available to evaluate a pile’s capacity or the safety factor for 
a given length of pile. For this reason, the author’s method will be applied to 
some load tests made at Langley Field, Virginia, for the National Advisory 
Committee for Aeronautics (Figure 1). The writer calculated the h-value re- 
quired to safely carry a 30-ton load by both the author’s formulas (11) and 
(12). An h of 24 feet was required if the soil was considered cohesive and an 
h of 45 feet for non-cohesive soil. This results in a minimum pile length re- 
quired by the author’s method of 27 feet whereas a pile length of 14 feet was 
load tested to 84 tons in the field without failure. If an 84-ton load is conserv- 
atively assumed to constitute failure for a h of 11 feet, a lower limit can be 
determined for the safety factor in the author’s method by solving formula (11) 
for P with h equal to 11 feet. The recommended allowable P resulting is ap- 
proximately 15 tons. The minimum safety factor, as applied to the tested soil 
at Langley Field, is: 


Ultimate 
Allowable P = 15 


It is evident that the blind use of the author’s method for the above project 
would have resulted in a more costly foundation than necessary. It is for this 
reason that the author cautioned that the method “be used with engineering 
judgment - not in lieu of it.” 

The author’s work, the outline of a systematic design procedure and the 
correlation of the many variables in useful graph form, should be a valuable 
aid to the engineer interested in setting up a design procedure to fit an empir- 
ical formula which he has derived to be compatible with load tests in his area. 

C. Y. TENG?* A.M. ASCE.—These equations are relatively simple and 
readily applicable to the ordinary pile designs. All recuired information is 
furnished by more or less standard m..imum soil exploration, and no extra 
tests are mandatory. Therefore, these equations are compara le to those in 
ordinary engineering practice. 

Equation (1) is based on the assumption that the skin friction against piles . 
in clay is equal to the cohesion of the clay. This assumption has been proved 
by test piles in plastic clays. However, the pile driving tends to destroy the 
grain structures of some sensitive clays and consequently reduces their co- 
hesive strength in the vicinity of the piles. The amount of reduction in cohe- 
sive strength can be determined by simple soil tests. In large cities experi- 
ence has usually indicated whether or not the soils are sensitive. 

The author has derived very useful equations for piles driven in non- 
cohesive soils. He assumed that the soil surrounding the pile is in the passive 
state and, therefore, proposed the use of the value Tan2(45° + $/2) for the 


22. Design Engr., Sargent & Lundy, Chicago, Ill. 
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coefficient of earth pressure. This assumption seems compatible for piles 
displacing a large amount of soil, such as concrete and wood piles. In the case 
of steel H piles and pipe piles, particularly those driven into relatively dense 
soil, it is a question whether the displacement is sufficient to introduce a pas- 
sive state?* If the displacement is not sufficient, a coefficient of earth pres- 
sure at rest should be used. This question can only be answered by full sized 
pile tests. 

When the penetration (h) is large in comparison with the value of 1.58H, + 
Hg, the author suggests the use of a part of (h) as surcharge. Actually this 
difficulty can be eliminated if the complete earth pressure (see Fig. 9) is in- 
cluded in the derivation of equation (2). 


oh =\(1.58H; + Hg)? + J(P - Pa) - (1.58H, + Hg) (2A) 


where 


63.5 
Tan2(45°+ $/2) Tand 


The value of J can be approximated from the following table: 


N (No. of Blows per foot) 
J 40 30 20 15 


The skin friction, after being transmitted from the pile to the surrounding 
soil, induces stresses in the soil of various intensities, see Fig. 10 left side. 
Theoretically the stress in the soil immediately adjoining the pile tip is infi- 
nitely large. However, as soon as the stress in the soil approaches its shear 
strength in situ, the soil begins tu yield excessively and the stress is extended 
to the adjacent zone. Therefore, the actual stress distribution should be some- 
what similar to the dotted line shown on the right side of Fig. 10. The exces- 
sive yielding of the soil immediately adjoining the tip causes settlement of the 
pile. 

The actual curve of stress distribution depends on the characteristics of 
the soil, the magnitude of pile load, etc. The stress py, eq. (3) can be con- 
sidered as an attempt to approximate the average stress around the pile tip. 
However, this equation was derived by omitting some items from the correct 
equation (or nearly correct since the 60 degree cone of stress distribution is 
a simple and conservative assumption). It is difficult to say whether or not 
equations (3), (4), (5) and (13) give reliable values. 

In estimating the allowable bearing pressure (p) at the pile tip, the author 
used the “Terzaghi and Peck” empirical relationship between penetration re- 
sistance and the bearing value of shallow footings. However, the bearing value 
of a pile tip may be better estimated by considering the pile as a deep founda- 
tion rather than a shallow footing. The reader is referred to the “Terzachi 
and Peck”** for the evaluating bearing capacity of deep foundations. 


23. For amount of displacement or yield vs. earth see Terzaghi, Large Re- 
taining Wall Tests, Engineering News Record 1934. 


24. “Soil Mechanics in Engineering Practice,” by Karl Terzagni and Ralph B. 
Peck, John Wiley & Sons, Inc., 1948. 
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DISCUSSION OF SOIL PROBLEMS IN THE 
SOUTHERN PIEDMONT REGION 
PROCEEDINGS—SEP ARATE NO. 416 


HOWARD M. MCMASTER,’ A.M. ASCE.-This paper was read with a great 
deal of interest. It is believed that this type of coverage, both generally and 
specifically, comprises a very valuable contribution to engineering soils data 
collected from the various parts of our country. Professor Sowers through 
this medium has presented a unique combination of collected soils data asso- 
ciated with his extensive soils and foundation experience. 

Of particular importance is the author’s approach to the expression of 
these data. Specifically, the paper starts with a geographical and geological 
introduction to form a broad background for the subsequent soils data. The 
author has developed this background through various phases such as the 
formation of soils from parent material, the means of soils transportation, 
and the general account of soil types associated with the depth identified by 
zones. 

The broad background of basic information is then followed by specific 
soils data listing ranges of values that might be expected from various soils 
tests and the action of foundations under specific loading conditions. 

Although the soils data is informative and useful, it is felt that the out- 
standing contribution of this paper is the collection of information, combined 
with experience for a specific region of the United States. This type of paper 
is of great importance to all engineers who may at some time have a job in 
this particular locality. Additional papers patterned after this one and cover- 
ing other areas of our country would, without question, be most valuable in 
providing general engineering data for soils in these areas. The ultimate 
goal for such an undertaking would be coverage of the entire United States. 


1. Prof. of Civ. Eng., Univ. of Nebraska, Lincoln, Nebr. 
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DISCUSSION OF FILL UTILIZATION FOR BUILDING FOUNDATIONS 
PROCEEDINGS—SEPARATE NO. 417 


DALE T. HARROUN} A.M. ASCE.—The author has made an excellent sum- 
mary of an important phase of soil engineering. The practice of placing build- 
ing foundations on properly constructed earth fills has become increasingly 
prevalent during the past fifteen years. Since the technique of soil compaction 
has been an emperical development? used originally for earth dams and high- 
way embankments, engineering data on additional uses must also come from 
the accumulation of experience. 

The writer was interested in the author’s general statement on the delayed 
time-settlement characteristic of compacted clay fills. (Last paragraph 417- 
6). Since soil compaction by impact is an excess pore pressure phenomenon, 
the soil mass does not reach complete internal equilibrium until the excess 
pore pressure has drained off and the moisture films on the soil fines have 
arranged themselves into stable patterns. In the case of a clay soil, consider- 
able time might be required. This slow adjustment of the soil structure might 
explain some of the puzzling <7fects noted in compacted fills, such as the time- 
settlement effect mentioned »y the author. 

The writer has been » serving a fifty-foot compacted earth fill which was 
placed two years ago. During the last year the fill has shown a settlement of 
0.2 ft. This is not much percentagewise but still could be undesirable for a 
building foundation. High earth dam practice‘ of compacting soil under rollers 
sufficiently heavy to preconsolidate well above the surcharge load might be an 
answer. However many soils, such as some of the decomposed mica schists, 
will not take heavy compaction. 

Another related effect has been noted by the writer in the setting or harden- 
ing of some fills with time. This amounts to a reversal of the thixotropy found 
in the remolding of natural clays. A controlled fill on an airport project with 
which the writer was connected was composed of a poorly graded silt with 
some clay. This fill showed a decided tendency to spring under heavy equip- 
ment at the time, yet a year later the fill was so hard and compact that an 
electrical contractor’s men were obliged to use adzes to chip out a trench, 
even though there was not appreciable change in water content. 

In the fourth paragraph, page 417-7, the author refers to the typical dish- 
shaped depression found in soft plastic soils supporting a fill and building 
loads. This type of settlement is not peculiar to soft plastic soils but occurs 
to a greater or lesser extent in any soil layer carrying a uniform load of 
large area, a power house mat for instance. The settlement pattern can be 
computed as a function of the increase of vertical pressure throughout the 


1. Prof. of Soil Mechanics, Univ. of Pennsylvania, Philadelphia, Pa. 

2. Design and Construction of Rolled Earth Dams. Engr. News Record by P. 
R. Proctor, Vol. II (1933) pp 245-248, 286-289, 348-351, 372-376. 

3, The Use of Heavy Equipment for Obtaining Maximum Compaction of Soils, 

| by O. J. Porter, Technical Bulletin 109 (1946) American Road Builders 

Association. 
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soil mass by means of Boussinesq’s equation or one of the graphical solutions. 

The writer has had the opportunity of inspecting a long narrow footing 6 ft. 
wide by 60 ft. long which rested on a deep layer of highly consolidated residual 
silty clay. The footing carried a substantial load of spinning machinery which 
was operated by a long shaft. Due to the differential movement between the 
center of the footing and the two extremities a continual program of shimming 
was required to maintain alignment. 

A subsequent design relieved this situation by narrowing the bearing area 
beneath each end so as to build up and contact pressure locally and increase 
the end settlements. 

This sagging settlement curve can be illustrated graphically for the case of 
a long narrow footing by assuming a 60° pressure distribution and plotting 
settlement as a function of increase of vertical pressure. See the writer’s 
Figure 1. 
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DISCUSSION FOR MODERN PROCEDURES FOR 
UNDERGROUND INVESTIGATIONS 
PROCEEDINGS—SEP ARATE NO. 435 


HOWARD M. MCMASTER? and STANLEY F. GIZIENSKI,’ A.M, ASCE.—The 
author is to be commended for an excellent coverage of a most difficult and 
controversial subject in his paper “Modern Procedures for Underground In- 
vestigations.” This paper does an excellent job of presenting generally recog- 
nized procedures for making foundation investigations. However, the writers 
believe that additional qualification in several parts of the author’s paper will 
extend the applicability of the recommended procedures. 

Resolving the soil investigation into the three main steps as outlined is 
considered to be the most rational approach. It is believed that a thorough 
understanding of the interrelationship between these steps is essential to as- 
sure an adequate foundation study. 

In the reconnaissance investigation it is desirable to formulate aibrief ge- 
ological history of the site, including such information as the possibility of 
preconsolidation loads, former vessication, and the various means of deposi- 
tion. The writers have found in their experience that a few simple hand auger 
holes made during the reconnaissance survey may provide enough information 
to eliminate a possible construction site. The reconnaissance survey should 
also include a study of the behavior of existing structures near the site. 

The writers agree that the geophysical survey may supply valuable supple- 
mental data, but it is necessary to point out that this can be true only when the 
survey is made by experienced personnel. 

In discussing the exploration step of the foundation investigation, the author 
has stated that the number and depth of borings cannot be intelligently deter- 
mined until a few borings have been completed. The author’s statement is of 
definite importance and has not been generally recognized by those unfamiliar 
with foundation studies. 

In Table 4 the author has presented recommended depths for exploratory 
borings for a typical office building based upon the building width and number 
of floors. These depths are generally in conformance with the theory of stress 
distribution beneath the loaded footings. However, it should be emphasized 
that there is a need for several deeper holes to explore the possibility of com- 
pressible strata at greater depths. The deeper holes will aid in examination 
of stress distribution in the foundation of the building considered as a whole. 
Failure to do so may result in a “dishing” of the foundation with consequent 
damage to the structure. As an example, the 11 to 12 foot borings are not con- 
sidered adequate for one-story masonry structures 100 to 400 feet in width, 
especially in regions where footings are placed as deep as 5 feet to meet frost 
penetration requirements. The writers suggest a revised Table 4 to be used 
as a guide for determining the depth of borings with the qualification that a few 
deeper borings be made as suggested above. 


1. Prof. of Civ. Eng., Univ. of Nebraska, Lincoln, Nebr. 
2. Civ. Engr., Corps of Engrs., Omaha, Nebr. 
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TABLE 4 (Revised) 


Building Width 


100 Feet 
200 Feet 


400 Feet 


Examination of Table 5 indicated that some change in the columns: Appli- 
cability, Soil Disturbance, and Recognition of Changes in Soil, will provide 
more general coverage. Boring experience indicates that Table 5 should be 
revised as follows: 


TABLE 5 (Revised) 
Drilling Methods Suitable for Exploration 


Method Applicability Soil Disturbance Recogpition of 
Changes in Sojl] 


Hand Auger All soils above groundwater and 
cohesive soils below groundwater Considerable Excellent 


Power Auger All soils above groundwater and 
cohesive soils below groundwater Considerable Good to Fair 


Wash Boring All soils except gravels Very much Poor 
Rotary Drilling All soils except gravels Considerable Fair 


Percussion Well 
Drilling All soils May be Consider- Fair 
ehle 


Coring with 
a Tube except coarse gravels except Excellent if 
sensitive or coring tube 
loose soils is short. 


The author suggests that the penetration resistance coupled with the results 
of simple soil tests such as: liquid and plastic limits, water content, and 
grain size, may be used in the design of small structures. The writers are in 
general agreement with the above statement. The author further suggests that 
Figure 2 be utilized to determine the allowable footing pressure based upon 
penetration resistance. It would be desirable to know if the author had con- 
sidered the possibility of differential settlements in developing Figure 2. It is 
interesting to note that in areas where clay foundations are encountered, shear 
failure of the foundation is not as critical as differential settlements, and in 
such cases allowable bearing pressure, based on shear strength alone, are en- 
tirely inadequate. The general applicability of Figure 2 is in doubt without 
further information about the factors considered in its development. 

In the exploratory step of the foundation investigation, it is sometimes 
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desirable to take continuous undisturbed samples from one hole at a small 
additional cost. If the rest of the borings show uniform stratification, the rep- 
resentative undisturbed samples on the more critical strata may be tested. 

In this manner the detailed investigation would be completed, thus eliminating 
a second trip of the drilling rig and crew to the site. Of course, if rather er- 
ratic conditions are encountered, additional undisturbed sampling or field test- 
ing may be required. 

In discussing the three principal steps in conducting a foundation investiga- 
tion in the United States, the author has justifiably pointed out that the best one 
is the one whereby the designing organization undertakes the entire job of un- 
derground investigation. The writers’ experience shows that this method has 
been very successful in the Corps of Engineers because of the heavy volume 
of work involved. The writers agree with the author that most private engi- 
neering firms do not have a sufficiently steady volume of work to justify main- 
taining boring equipment, and laboratories, and therefore, must look to outside 
help. One of the most important advantages of the “package investigation” is 
that the person or persons charged with the responsibility of the analysis can 
follow the entire sequence of sampling and testing, thus assuring accurate and 
comprehensive results. It should be emphasized here that the correct planning 
of explorations and subsequent analysis of the results of soils testis ~equires 
engineers especially trained and experienced in theoretical and applied soil 
mechanics. 

In summary, the writers believe that the author has presented an excellent 
paper that combines easy reading with a clear and concise approach to a most 
difficult subject. 

W. R. JUDD; A.M. ASCE.—This paper presents some of the factors neces- 
sary to develop an underground investigation program in soils; however, any 
attempt to tabularize engineering geology or soil mechanics, such as is done 
in this paper, may have undesirable results. It usually is an author’s intent 
that tabular data should be used only when the qualifications in the accompany- 
ing text are thoroughly understood. Experience has shown that a tabular pres- 
entation is so easily read and used that the appended qualifications are soon 
forgotten. Therefore, I cannot agree that the rather comprehensive field of 
geotechnics can or should be simplified into 9 pages including 8 tables. In 
general the paper would, I believe, be less subject to criticism if the author 
had explicitly stated that he was discussing soil investigation procedures. As 
it stands, the implication can be drawn that the text covers both soils and rock, 
an implication with which this discussion disagrees. Furthermore, some of 
the tabular data seems to be somewhat contrary to personal experience. 

Table 2 is of particular interest and much of the data appears to be well- 
founded. However, the total of 0.5% for dam explorations appears to be more 
realistic than the 0.1% figure, particularly for large dams founded on complex 
overburdens or highly faulted rock with a complex geological situation. 

Table 3 presumes a grid type of exploration program for the various struc- 
tures mentioned. This type of program is suitable, ordinarily, for a large 
structure such as a spillway or possibly a multistory building. However, some 
difficulty may be encountered if this type of spacing is used for explorations 
for earth or concrete dams, due to the appurtenant structures connected with 
the dam. Very often, spacing at the intervals recommended in the table would 
result in overlapping of holes or an insufficient number of holes to fully 


3. Eng. Geologist, Office of the Chf. Engr., Bureau of Reclamation, U. S. Dept. 
of the Interior, Denver, Colo. 
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explore geological conditions. Furthermore, the length of the dam would have 
a great influence on the spacing of the holes, regardless of soil conditions: 

For a dam several thousand feet long, borings 100 feet apart may be too fre- 
quent (if the subsurface geology is relatively simple) and therefore uneconomi- 
cal; for a short dam, say 300 feet long, ordinarily a sound exploration program 
should involve more than 3 drill holes for average foundation conditions. The 
recommended spacing apparently does not take into account upstream or down- 
stream explorations for the heel and toe of the dam. The boring spacing rec- 
ommended for buildings may not always apply; e.g. in a multistory building, a 
few of the columns may carry heavy loads to the foundation and therefore holes 
will have to be placed at these column locations, regardless of any predeter- 
mined borehole spacing. The spacing of boreholes, therefore, should be de- 
pendent more upon the structure outline, the location of columns in the case of 
buildings, the location of appurtenant structures in the case of dams, and most 
important, upon the relationship between the structure and the geological situ- 
ation. 

Some of the above qualifications would apply to Table 4. If a building was 
only one story high but built of heavy material such as reinforced concrete 
with a concrete roof and highly concentrated column loads, it probably would 
be necessary to carry the holes deeper than 11 feet to fully explore all soils 
within the zone of influence from the load. It is realized that the author im- 
plies increased hole depths under such conditions in the text matter appended 
to the table; however, the table by itself could be misleading. A geological 
and structural engineering analysis should be made during the reconnaissance 
for the structure before the final depth of hole is determined. 

Some of the information in Table 5 was difficult to understand due either to 
typographical errors or to a lack of sufficient explanation. It is assumed that 
the statements made under “Soil Disturbance” refer to the disturbance of the 
soil around the hole and not the disturbance to the sample itself. If this is 
true, exception would have to be taken to the statement concerning wash bor- 
ing: it has been the writer’s experience that considerable disturbance occurs 
to the materials adjacent to the hole when wash boring, particularly in silts 
and sands and gravels. If that particular column refers to the amount of dis- 
turbance to the sample, then some of the statements appear to be somewhat 
contrary to experiences: in hand and power auger holes, and wash boring, 
there is considerable soil disturbance. 

With regard to the column entitled “Recognition of Changes in Soil,” it is 
true that, generally, changes in soils can be recognized easily when using a 
hand auger (because of the short penetration by each lift of the auger). How- 
ever, with a power auger, if of the continuous flight type, it is very difficult 
to identify the depth at which the soil horizon changes: due to the slow and ir- 
regular travel of the soil up the auger flight, it often is impossible to tell ex- 
actly from what depth the soil has come that appears at the surface. This is 
particularly true in highly cohesive soils such as clay; since clay tends to ad- 
here to the auger, it can only be examined when the entire flight is removed 
from the hole. Furthermore, the soil adhering to the auger may be contami- 
nated by soil from the walls higher up in the hole. 

Many of the same statements hold true for wash boring. In studying the 
cuttings returned by the water, it often is impossible to tell exactly from 
which horizon the cuttings have been obtained due to contamination by overly- 
ing soils, unless casing has been used in the hole. Furthermore, the wash 
boring method tends to give deceptive information on the amount of fines in 
the hole. Often the fines are carried away in the return flow of water quite 
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rapidly, whereas the coarse materials tend to settie out. Thus, examination 
of the coarse cuttings may lead to the conclusion that there are no fines, 
whereas the converse may be true. 

The statement in that same column concerning rotary drilling—“ Fair (too 
fast)” is difficult tc understand. If this refers to examination of the soil cut- 
tings, it should be noted that one of the major methods for logging oil well 
holes is by examining the cuttings; and as exact determination can be made of 
the time required for these cuttings to reach the surface, the location of a 
particular stratigraphic horizon can be established to within a few inches. If 
a core barrel is used, then analysis of the cuttings becomes unnecessary, and 
stratigraphic horizons are easily located by studying the drill core in the bar- 
rel. 

In percussion well drilling, the same statements made with regard to wash 
boring would hold true. Generally in percussion drilling, water is poured into 
the hole, and the percussion bit pounds up and down. Then, a bucket or bailer 
is lowered into the hole and the cuttings at the bottom of the hole are bailed 
out. Many of the coarse materials may have settled out in the hole, and thus 
only the fines will be secured in the sample. Certainly, as the author states, 
the most widely used and the most effective means of recognizing soil changes 
is with a drive sampler. The writer believes that much of the information pre- 
sented in this table would have been more understandable if the author had ex- 
plicitly stated that it referred to soil and not to rock sampling procedures. 

The information in Table 8 is sound when evaluated according to the state- 
ments made in the text. Unfortunately many persons use such tables with com- 
plete disregard for the correlative laboratory testing which is absolutely nec- 
essary. The table and descriptive text make no mention of the difficulties en- 
countered with the penetration resistance spoon in testing certain soil types. 

1) Highly expansive clays may give a very high unconfined compressive 

Strength according to the penetration resistance test, whereas the expansive 

characteristics are left unknown, unless laboratory tests are performed. 

2) Loess, and certain modified forms of loess and silt, may have a very high 

penetration resistance in the dry state. However, it has been found that in 

loess, although the penetration resistance may indicate bearing values as 

high as 5,000 pounds per square foot, actually the soil may bear only 500 

pounds per square foot when saturated. (This latter condition is most like- 

ly to occur around structures associated with water projects, such as hydro- 
electric plants, dams, and spillways. Furthermore, when residences are 
founded on silts with these critical hydroconsolidation properties, the owner 
has found that after lawn watering is started, the silts start to compress as 

much as seven per cent and settlement of the house foundation occurs.) A 

laboratory consolidation test would have indicated the compressible nature 

of the loess, if the consolidation test had been saturated during the loading 
cycle. 

3) If a soil contains occasional gravel particles, the penetration spoon may 

give a blow count much higher than would be indicative of the actual bearing 

capacity of the overall soil mass; this could be true, for example, in a GC 

(gravelly clay) soil; the overall mass of clay may have a fairly low strength, 

whereas the gravel will interfere with the penetration of the spoon and a 

misleading high blow count will result. 

Emphasis should be given to the author’s comments that in any case where 
penetration resistance tests are used, it is absolutely necessary to have labor- 
atory evaluations of these same materials. Once representative samples have 
been tested in the laboratory, then the penetration test can be used safely to 
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fill in the “blank” spots in the subsurface picture. Thus, it is not necessary 

to perform laboratory tests on every sample obtained by the penetration spoon. 
Furthermore, recent research* has shown that the length of drill rods, amount 
of surcharge on the soil, and degree of saturation of the soil all can effect the 
relationship between the penetration resistance and the unconfined compres- 
sive strength. 

It generally is pointed out in the text, that the foundation explorations for 
any type of structure should be carried out by competent personnel and should 
include an adequate amount of both laboratory and field testing. However, 
tables can become so easy to use that some engineers may take unwary short- 
cuts with sad results. The many problems inherent to soil mechanics and ge- 
ology make it advisable for specialists in these respective fields to conduct 
such programs. 

CARL W. FENSKE; A.M. ASCE.—The soils beneath a structure must car- 
ry the loads transmitted to them by the structure just as the structure itself 
must be capable of wi'hstanding the loads applied to it. The determination. of 
the nature and the load-carrying capacities of the foundation soils should be 
just as important as any phase of the structural design. The concise but com- 
plete summary of subsurface exploration procedures presented in this paper 
should be a valuable aid to all engineers concerned with the problem of obtain- 
ing adequate information regarding foundation soils. 

The author has divided soil investigation into three steps. The first step, 
the reconnaissance investigation, has been covered very adequately. In pass- 
ing, it should be mentioned that geophysical methods are usually suitable only 
when approximate information about large areas is required. The writer be- 
lieves, however, that the next two steps, exploration and detailed examination, 
can frequently be combined. This combination is necessary in many cases 
when the time available for the investigation is limited or when boring equip- 
ment has to be moved a great distance. Combination of the two steps is pos- 
sible by making all borings as undisturbed sample borings. It is the writer’s 
experience that the use of a 3-i:ich Skelby tube sampler and a modern rotary 
drilling rig capable of forcing the sampler into the ground by hydraulic pres- 
sure will produce samples that are suitable for any laboratory testing that 
may be required. This type of boring and sampling can be made quicker and 
at only a slightly greater cost than the usual boring with split-spoon sampling. 
An inherent and unique part of this combination investigation begins with the 
removal, at the site, of the Shelby samples from their tubes. A trained tech- 
nician classifies each sample as it is removed, and seals a selected portion 
for possible laboratory testing. A hand penetrometer may be used as part of 
the field procedure to get an indication of the variation in consistency in co- 
hesive soil deposits when preliminary or low-cost studies are appropriate. 
Experience has shown that the penetrometer readings are more easily ana- 
lyzed and give a better indication of the variation in consistency than do the 
penetration resistance values for the split-spoon. For cohesionless soil de- 
posits, the 3-inch Shelby tube sampler can be driven to obtain results compar- 
able to the penetration resistance of the split-spoon sampler. An extensive 
investigation was made for a steel mill on the Ohio River in Kentucky where 
many driven Shelby tube and split-spoon samples were taken in a thick deposit 


4. “Second Progress Report of Research on the Penetration Resistance Meth- 
od of Subsurface Exploration,” U. 8. Bureau of Reclamation Earth Labora- 
tory Report No. EM-356, Oct. 5, 1953. 

5. Associate Engr., Greer & McClelland, Cons. Foundation Engrs., Houston, 
Tex. 


553-30 


: 

| | | 


of clean sand. Experience gained on this investigation has shown that penetra- 
tion resistance of a standard 2-inch O.D. split-spoon sampler under blows of 
a 140-pound hammer dropped 30 inches and the penetration resistance of a 30- 
inch O.D. 2.83-inch LD. Shelby tube sampler driven by a 200-pound hammer 
dropped 24 inches are practically identical. When this procedure is used, 
suitable samples are available from every boring for a study of any degree of 
detail necessary and it is not necessary to go back and make additional undis- 
turbed sample borings as is necessary when split-spoon sampling is used. 

The data from a split-spoon sample boring must be analyzed with care as 
the penetration resistance of the sampler depends on many factors other than 
the consistency or denseness of the soil. Because of this, correlations of the 
penetration resistance with pertinent soil properties show a large variation. 
On occasion, these other factors have such an effect that the penetration re- 
sistance values lead to misleading results. The following statement, quoted 
from an article by A. Mystkowski concerning the foundation conditions af. the 
site of a paper mill in Georgia(4), illustrates this point: 


“Although various field and laboratory investigations were called for, 
relative density tests were considered to be the only foolproof ones. It 
was practically impossible to find any correlation between relative den- 
sity and the number of blows on standard penetration tests. Even in 
clean, uniform fine sand, without any fines passing through 200-mesh 
sieve, the recorded number of blows varied between 10 and 20, while 
relative density tests showed all densities above 75% On the other hand, 
in some cases fine sand of relative density below 50% required over 30 
blows. In layers with even a small clay content—2% to 5%—this incon- 
sistency of the standard penetration tests was accentuated.” 


This variation, for clays, is indicated in the correlation given by the author in 
Table 8. Using the average values in this table, a penetration resistance of 5 
blows per foot, for example, in a clay deposit would indicate an unconfined 
compressive strength of 750 to 2500 psf, depending on the type of clay in the 
deposit. If the deposit was determined to be a homogeneous, highly plastic 
clay, a penetration resistance of 5 blows per foot would correspond to an un- 
confined compressive strength of from 1500 to 3500 psf. This variation in 
values has led to the following statement by Karl Terzaghi, Hon. M., ASCE: ) 


“. ...the consistency of clays has been correlated with the number of 
blows per foot. However, in connection with clays, experience has shown 
that the scattering of the results can be very important. In other words, 
at a given number of blows per foot of penetration the consistency of the 
clay (unconfined compressive strength) can vary between rather wide 
limits. Hence when dealing with clays, it appears preferable to estimate 
the average consistency on the basis of the results of unconfined com- 
pression tests.” 


The determination of the pertinent soil properties from laboratory soil 
tests would mean an additional cost which experience from a large number of 
investigations has shown to be roughly one-third the cost of the borings. This 
additional cost of determining the soil properties from laboratory test is 
usually more than compensated for by the savings in the foundation design re- 
sulting from a more definite knowledge cf the pertinent soil properties. When 
a number of unconfined compression tests are made from samples from all 
borings and the minimum strength value thus determined is used, experience 
has shown that a factor of safety of two may be used to compute the allowable 
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bearing pressure. If a correlation such as that in Table 8 is used, a factor of 
safety of at least three is recommended and the prudent designer would be in- 
clined to use the minimum strength value given by the table. The spending of 
a little more money for undisturbed sampling and laboratory testing is justi- 
fied by the more economical foundation design. If $1,000 is saved by the ex- 
penditure of an additional $500, then the expenditure is justified even though 
the percentage cost of the investigation is increased. 

Summarizing these comments, the use of the procedures outlined in the 
preceding paragraphs will produce subsurface information and suitable sam- 
ples for an investigation of any size or to any degree of detail. Samples suit- 
able for any type of laboratory testing are available from every boring. The 
pertinent soil properties can be determined from the results of soil tests even 
for the small job. The actual cost of an investigation of this type may be 
slightly greater than one in which only split-spoon sampling was used but the 
additional cost is usually more than compensated for by a more economical 
foundation design. If the soil conditions are found to be such that a detailed 
examination is necessary, the investigation will have been made at a some- 
what lesser cost than if split-spoon sampling and subsequent undisturbed sam- 
pling had been used. However, if this procedure is followed, the field investi- 
gation should be under the direct supervision of a trained soils engineer. His 
control over the borings and sampling, laboratory testing, and analysis of the 
data should be such that any phase of the investigation can be modified at any 
time to meet any conditions disclosed by the investigation. This requirement 
is satisfied when a competent engineering firm specializing in this procedure 
is retained to make what the author describes as a “package” investigation. 
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The technical papers published in the past year are presented below. Technical-division sponsorship is indicated by an 
abbreviation at the end of each Separate Number, the symbols referring to: Air Transport (AT), City Planning (CP), Con- 
struction (CO), Engineering Mechanics (EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), 
Sanitary Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Water- 
ways (WW) divisions, For titles and order coupons, refer to the appropriate issue of “Civil Engineering” or write for a 
cumulative price list. 


VOLUME 79 (1953) 


NOVEMBER: 321(ST), 322(ST), 323(SM), 324(SM), 325(SM), 326(SM), 327(SM), 328(SM), 329(HW), 330(EM)*, 331(EM)®, 
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358(HY). 


DECEMBER: 359(AT), 360(SM), 361(HY), 362(HY), 363(SM), 364(HY), 365(HY), 366(HY), 367(SU)°, 268(WWw)°, 369(IR), 
370(AT)©, 371(SM)°, 372(CO)°, 373(ST)°, 374(EM)°, 375(EM), 376(EM), 377(SA)°, 378(PO)°. 


VOLUME 80 (1954) 


JANUARY: 379(SM)°, 380(HY), 381(HY), 382(HY), 383(HY), 384(HY)°, 385(SM), 386(SM), 387(EM), 388(SA), 389(SU)°, 390(HY), 
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425(SM)4, 426(IR)4, 427(ww)4. 
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JULY: 457(AT), 458(AT), 459(AT)°, 460(IR), 461(IR), 462(IR), 463(IR)°, 464(PO), 465(PO)°. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 475(SM), 476(SM), 477(SM), 
478(SM)°, 479(HY)°, 480(ST)°, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)°, 492(SA), 493(SA), 494(SA), 
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a. Presented at the New York (N.Y.) Convention of the Society in October, 1953. 
c. Discussion of several papers, grouped by Divisions. 

d. Presented at the Atlanta (Ga.) Convention of the Society in February, 1954. 
e. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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